During the course of our studies on the amino acid metabolism of Mycobacterium tuberculo8si strain H-37Rv, it was observed that the amino acid composition of the cellular protein of this bacterium, although qualitatively the same, showed quantitative variation with the age of the culture. As such an observation is not in conformity with the already published data regarding the amino acid composition of microorganisms (Abderhalden and Rona, 1905; Tamura, 1913; Camien et al. 1945; Stokes and Gunness, 1946; Freeland and Gale, 1947) , it has been reinvestigated in greater detail. In particular, studies have been carried out to assess the effect of the age of the culture, and of the nature of the nitrogen source incorporated into the medium, on the quantitative amino acid composition of the cellular protein of M. tuberculosis strain H-37Rv.
MATERIALS AND METHODS
The inoculum of M. tuberculosis strain H-37Rv was derived from 3-week-old cultures on Youmans' medium (1944) . The experimental crops of bacilli were grown in 100-ml conical flasks containing 10 ml of Youmans' base which, instead of 0.5 per cent L-asparagine, contained singly: ammonium sulfate, L-aspartic acid, or peptic hydrolyzate of casein in the concentration of 52 mg N per 100 ml of medium. During growth, usually on alternate days, the number of flasks required to yield at least 0.5 g wet weight of bacilli were heated at 60 C for 30 min to stop enzyme action. After the bacilli had been freed of both external and internal soluble components by the method of Gale (1947) the residual mass was defatted in a soxhlet, first with acetone for 3 hr, and then with ether for the same period. Part of the defatted material was hydrolyzed by refluxing, for 20 hr, with 5 N HCI-employing, as suggested by Dustin et al. (1953) , about 20 ml of the acid for every 1 mg of the protein, with a view to minimizing the decomposition of amino 12 acids in the presence of carbohydrates. At the end of the hydrolysis period, the excess acid in the hydrolyzate was distilled off, under reduced pressure, at about 70 C. The residue was dissolved in distilled water, and the solution was quantitatively transferred to a glass basin, and' evaporated to dryness on the water-bath. The dried residue was taken up in 10 per cent (v/v) isopropanol in water, its pH was adjusted, with N/10 NaOH, between 6 and 7, and the volume was made up to 10 ml with 10 per cent (v/v) isopropanol in water.
Another part of the defatted material was hydrolyzed, for tryptophan estimation, with barium hydroxide by the method of Greenhut et al. (1946) .
Total nitrogen and free ammonia were determined by the colorimetric method of Johnson (1941) , and amino acids by the circular paper chromatographic method of Rao and Wadhwani (1955) .
A suitable aliquot of the protein hydrolyzate solution was spotted, in three separate chromatographic papers, on the circumference of a circle of 1 in radius, drawn at the center of a filter circle of 9 in radius. After air-drying the spots, each chromatograph was run at 15 to 17 C with the aid of a 1.5 x 2 in wick rolled along its length, until the solvent boundary reached the perimeter of the paper (16 to 18 hr). At the end of this period the chromatograph was removed and dried in the air. The solvents used were: (1) butanol :distilled water :ethanol 20:4.5:1 (v/v); (2) butanol:distilled water:glacial acetic acid 40:7:5 (v/v); (3) butanol :distilled water :glacial acetic acid 40:4:15 (v/v). In the case of solvents 1 and 3, each chromatograph was run twice more. Solvents 1, 2, and 3, respectively, give the separation of (a) leucine, isoleucine, phenylalanine, tyrosine, proline, alanine, threonine, histidine, arginine, And lysine; (b) phenylalanine, valine, methionine, tyrosine, proline, alanine, arginine, and cystine; (c) methionine, threonine, glutamic acid, glycine, serine, aspartic acid, arginine, and cystine. After air-drying, each of the three chromatographs was sprayed with 0.4 per cent solution of ninhydrin in 95 per cent (v/v) acetone in water; after evaporating the acetone at room temperature, the ninhydrin color was developed by heating the paper at 65 C for o R 22,f2 
RESULTS
The data presented in figure 1 clearly show that the quantitative amino acid composition of the cellular protein of Mycobacterium tuberculosis strain H-37Rv is not invariant, but is determined by (a) the age of the culture, and (b) the nature of the nitrogen source incorporated into the medium.
DISCUSSION
The observation of constantly changing amino acid composition of the protein of M. tuberculosis, though at variance with the results of earlier workers cited, is supported by the orderly trend of the values found. It seems possible that the slower growth of M. tuberculosis may account, in part, for the findings.
The results suggest also that the composition of the cellular protein, at least in the present case, is determined by differing substrate and enzyme concentrations available at. different times during the growth of cultures. In this context, it is considered relevant to mention that certain proteins, in their natural state, have been observed to pick up certain amino acids, when brought into contact with them (Daly et al., 1952; Campbell and Work, 1952; Gale, 1953) , and that, in the case of Staphylococcus aureus, the incorporation of glutamic acid into the protein fraction of the cells can be prevented by a number of agencies (Gale, 1953 
SUMMARY
Studies have been carried out to determine the effect of the age of the culture, and of the nature of the nitrogen source in the medium, on the amino acid composition of the cellular protein of Mycobacterium tuberculosis strain H-37Rv. It has been shown that the cellular protein of this bacterium qualitatively has a fixed amino acid composition, but quantitatively shows variations with the age of the culture, and the nature of the nitrogen source incorporated into the medium. The nature of such changes has been graphically indicated.
